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Objectives: To compare the subjective ( yeballed) method for measuring internal carotid artery (ICA) stenosis by non~ 
selective intra-arterial digital subtraction angiography (IA-DSA) with objective and duplex methods. 
Design: Retrospective study. 
Materials and methods: Fifty-three consecutive patients underwent IA-DSA prior to carotid endarterectomy providing 
103 carotid angiograms. Objective assessment of ICA stenosis was by the North American Symptomatic Carotid 
Endarterectomy Trial (NASCET) criterion and the Carotid Stenosis Index (CSI). Duplex estimation ofstenosis was derived 
ftvm peak systolic and diastolic velocities in the ICA and common carotid artery (CCA). 
Results: The coefficient ofrepeatability was poorest for NASCET stenosis estimates (40%), whilst the improved values for 
CSI (20%) were consistent with the lower variability recorded for measuring the CCA diameter. Correlation and agreement 
levels between subjective (r= 0.8;0; -41% to + 33%) or objective assessments and duplex (NASCET: r= 0.76; -52 to 
+ 28%, CSh r = 0.72; -27 to + 39%) showed similar values. 
Conclusions: We conclude that the inter-observer variability for assessing angiograms obtained by arch injection is 
considerable and precludes high agreement when IA-DSA is compared with other methods. As the agreement of duplex 
ultrasound with IA-DSA is similar to the agreement between DSA methods, duplex can be offered as the first stage 
assessment of ICA stenosis, with the proviso that the duplex assessment is performed consistently by an experienced 
operator. 
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Introduction 
The recent rials in Europe and North America have 
unequivocally shown that carotid endarterectomy is 
associated with much better esults than best medical 
therapy for symptomatic patients with carotid steno- 
ses causing a 70-99% reduction in lumen diameter. 1'~ 
However, the method used to identify such patients 
remains controversial. In both the North American 
Symptomatic Carotid Endarterectomy Trial (NASCET) 
and the European Carotid Surgery Trial (ECST) the 
degree of stenosis was established by angiography 
alone. Although duplex ultrasound results were men- 
tioned in the NASCET trial, they were not used for 
trial purposes. A fundamental difference between the 
European and American trials was the technique by 
which the degree of stenosis was evaluated on 
angiograms. In the NASCET trial the distal (disease 
*Please address all correspondence to: Dr T. S. Padayachee, 
Ultrasonic Angiology Unit, Division of Radiological Sciences, 17th 
Floor Guy's Tower, London SE1 9RT, U.K. 
free) lumen was taken to represent the normal internal 
carotid diameter, whilst in the ECST trial the "normal" 
carotid bulb was estimated by eye by the observer. 
Various investigators have since reported problems in 
using angiograms to estimate stenosis ize 3-6 but the 
debate regarding the choice of the optimum technique 
remains unresolved. Bladin et al. suggested an alter- 
native to these two techniques which made use of the 
normal anatomical relationship between the internal 
carotid and common carotid arteries. This was called 
the Carotid Stenosis Index (CSI) and provided an 
objective alternative to the ECST method by removing 
the necessity for a "guesstimate" of the internal 
carotid artery (ICA) bulb dimensions. 
Duplex scanning is now widely available to assess 
disease of the internal carotid arteries using estab- 
lished protocols. 8'9 It is well recognised that duplex 
results are highly dependent upon the experience of 
the operator. Different methods have been used to 
estimate the degree of stenosis based upon a number 
of velocity criteria. These have shown considerable 
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variation in recent publications, for identifying 
patients with 70-99% diameter stenosis. 6'1°-13 There 
therefore remains a need to standardise the duplex 
criteria to identify stenoses of greater than 70%, 
although some centres already use duplex alone to 
assess patients for carotid endarterectomy. 14 
In the present study we retrospectively compared 
our routine intra-arterial digital subtraction angiog- 
raphy (IA-DSA) assessment with a more objective 
approach to stenosis quantification on DSA, using 
NASCET and CSI criteria, and with duplex 
ultrasound. 
Patients and Methods 
Fifty-three patients who underwent a total of 57 
carotid endarterectomies (4 bilateral procedures) were 
entered into the study. There were 36 male and 17 
female patients with a mean age of 63 + 8 years (range 
48-78 years) with no male/female age bias (mean age 
63 + 9 years and 64 + 8 years respectively). 
All patients had IA-DSA performed either by a 
consultant or junior radiologist. We used a non- 
selective approach of arch injection, the latter is 
reported to reduce the risk of stroke when investiga- 
tions are performed by radiologists in training, ~5 and 
routinely estimate the degree of internal carotid artery 
stenosis on angiograms by eye. Arch injections were 
used in 50, whilst selective catheterisation of one 
carotid was used in three patients. Two oblique 
projections displaying the carotid bifurcations were 
available for analysis. The DSA films were assessed 
independently by three observers, all of whom were 
routinely involved in the evaluation of patients for 
carotid surgery comprising a neuroradiologist, vas- 
cular surgeon and a neurologist. They were asked to 
review the films and provide a subjective (eyeballed) 
estimate of the percentage ICA stenosis. 
An objective approach to stenosis measurement was 
carried out on an image analysis workstation (IBM-PC 
compatible). The digital data from the DSA system 
were transferred irectly to the image analysis work- 
station and vessel diameters computed using custo- 
raised software. The user moved a mouse-controlled 
cursor to the perceived edges of the vessel, allowing 
width measurements to be taken from the DSA images 
with a resolution of + 0.2 mm. Diameters were meas- 
ured at the common carotid artery (CCA) (approx- 
imately 4cm from the bifurcation), the ICA at the 
point of stenosis, and the distal ICA when the walls 
become parallel. Percentage stenosis was then com- 
puted using the NASCET and CSI criteria and the 
values stored on disc. The computed stenosis meas- 
urements were not made available to the observer to 
avoid operator bias. 
Duplex ultrasound scanning was performed by one 
experienced operator (TSP) using a colour flow map- 
per (Acuson 128 XP/10v, Mountainview, CA, U.S.A.). 
A full assessment of the extracranial cerebral arteries 
was performed using a 7MHz linear array transducer, 
whilst the intracranial circulation was assessed using a 
2MHz pulsed Doppler transducer. 16The peak systolic 
and diastolic velocity levels were recorded from the 
CCA and the ICA at the point of maximal stenosis. 
The operator also noted the presence of any proximal 
(CCA) lesions and any disease in the distal cervical 
ICA. Ultrasound assessment was influenced by other 
factors such as the B mode appearance of the plaque, 
presence and extent of turbulent flow (and associated 
acoustic wall vibration as seen on colour Doppler), 
right/left flow velocity level and waveform shape 
differences, basal cerebral velocity levels and collateral 
circulation via the Circle of Willis. 
Duplex estimation of the degree of stenosis was 
derived from the absolute peak systolic and diastolic 
velocities in the ICA and the ratio of peak systolic 
velocity levels in the ICA and CCA. 8"9 Previous 
investigators have used a threshold ICA/CCA ratio of 
4.0 to identify stenoses of greater than 70% diameter 
reduction, but this value was determined from retro- 
spective angiographic orrelation using NASCET cri- 
teria. To avoid incorporating this methodological bias 
into our data, we employed a simplistic haemody- 
namic approach to stenosis estimation. This was based 
on the relationship between the peak systolic velocity 
ratio (ICA:CCA) and ICA diameter stenosis. Black- 
shear et al. ~7 reported that this ratio was < 1.0 for 
normal subjects and for stenoses of up to 50% lumen 
diameter eduction, there was a linear relationship 
with a 50% stenosis giving a ratio of 2.0. In stenoses 
greater than 50%, energy losses occurred so that the 
relationship is not linear. However, if a linear relation- 
ship is assumed this may tend to slightly overestimate 
stenosis ize in this range. Based on this approach, we 
have used a ICA:CCA threshold ratio of 3.4 to identify 
a 70% stenosis. For preocclusive lesions, where the 
stenosis is > 90%, a fall in velocities was noted which 
was distinguished from minor stenoses by changes in 
the associated iagnostic parameters listed above. 
Reproducibility 8 was determined by the coefficient 
of repeatability, which was computed from the 
standard deviation of the differences within subjects 
using one way analysis of variance (ANOVA). Ken- 
dall's rank correlation was used for investigating any 
bias in reproducibility related to measurement value 
size. Methods of stenosis estimation were compared 
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using linear regression and difference of means 
analysis. 19 
Results 
A total of 103 angiograms of carotid bifurcations were 
available for evaluation. No patient suffered any 
neurological event during or after DSA. Small aneu- 
rysms in the intracranial vessels were noted by IA- 
DSA in three patients, but did not lead to a change in 
the surgical management of these patients. In six of 
the 103 angiograms an objective measurement was not 
possible due to poor image quality. 
Duplex ultrasound provided an estimate of stenosis 
size in all patients, even in the presence of calcification 
by using the additional duplex criteria previously 
described. However, in one case a severely stenosed 
ICA with calcification was incorrectly diagnosed as 
occluded by duplex. IA-DSA and duplex demon- 
strated severe proximal (CCA) lesions in two cases 
and a disease-free distal ICA in all vessels. Both 
proximal esions were confirmed at surgery. 
Inter-observer variability 
Repeatability coefficients howed similar values for 
measuring the CCA and distal ICA but greater 
variation for measuring the smallest diameter at the 
point of stenosis (Table 1). A proportion of this error 
may be attributed to the systematic error introduced 
by the finite resolution of the callipers ( + 0.2 mm). In 
effect, this imposes a larger error for smaller vessels, 
possibly accounting for the fact that the least variabil- 
ity was observed for the CCA. 
The coefficient of repeatability was poorest for the 
NASCET stenosis estimates, whilst subjective and CSI 
values showed fair agreement between observers 
(Table 2). The improved CSI agreement is consistent 
with the higher repeatability for measuring the CCA 
Table 1. Correlation coefficient and repeatability coefficients for 
carotid artery vessel widths measured using interactive cursors on 
an image analysis system. 
Correlation 
coefficient (r) and Coefficient of 
Vessel significance l vel repeatability* 
CCA 0,72 (p<0.01) 1.07mm 
ICA maximum stenosis 0.80 (p<0.01) 1.33mm 
ICA distal 0,62 (p<0.01) 1.10mm 
*Calculated from standard eviation of differences within subjects. 
Table 2. Inter-observer variability for degree of stenosis measured 
from DSA images and dependence on stenosis ize. 
Kendall's rank 
DSA analysis Coefficient of correlation coefficient ( ) 
method n repeatability* and significance l vel 
Eyeballed 85 24% 0,20 NS 
NASCET 74 40% 0,65 NS 
CSI 73 20% 0.08 NS 
*Calculated from standard eviation of differences within subjects. 
diameter as opposed to the distal ICA. Rank correla- 
tion showed that the repeatability was not dependent 
on the value of stenosis. 
Comparison of DSA stenosis estimates 
The plot of the eyeballed estimate of stenosis vs. the 
NASCET method using cursors is shown in Fig. 1 and 
demonstrates a reasonable correlation as confirmed by 
the correlation coefficient (r = 0.74, p < 0.01). However, 
difference of means analysis (Fig. 2) showed a ten- 
dency for the eyeballed estimation to overestimate 
stenosis size (bias + 8%), whilst the limits of agree- 
ment showed differences between methods of -33% to 
+ 49% for any degree of stenosis. Comparison with 
CSI stenosis estimates revealed similar values for 
correlation (r= 0.79, p < 0.01) and agreement limits 
( + 33% and -54%), but the bias indicated a tendency 
for underestimation (bias -11%). 
Stenosis estimates by CSI and NASCET techniques 
showed very good correlation (r--0.97, p < 0.01) but 
difference of means analysis demonstrated a bias of 
approximately +20% indicating that the CSI method 
consistently gave values of 20% greater than that of 
NASCET estimates. The agreement limits for these 
two methods were wide and showed a negative offset 
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Fig. 1. Degree of stenosis measured by subjective and NASCET 
criteria, with regression line. 
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due to the consistent overestimation by the CSI 
technique. Statisticall:~ therefore, the agreement 
between the two cursor-assisted DSA methods was 
poor and was the same as the agreement between the 
eyeballed and either cursor-assisted methods. 
Duplex vs. DSA stenosis estimates 
Correlation coefficients and difference of means analy- 
sis for IA-DSA and duplex data are shown in Table 3. 
There was good correlation with NASCET, CSI and 
subjective (eyeballed) IA-DSA evaluation with the 
latter giving the highest correlation with duplex 
(r = 0.80, p < 0.01). The bias between duplex and IA- 
DSA estimates was small, with a small negative offset 
for the NASCET comparison consistent with the lower 
stenosis values compared to both subjective and CSI 
estimates. Limits of agreement showed similarly 
broad ranges as those observed for the IA-DSA 
methods. 
Discussion 
The results of this study demonstrate hat the inter- 
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Fig. 2. Difference against mean for degree of stenosis by subjective 
and NASCET criteria. The continuous line shows the bias whilst 
dashed lines are the upper and lower 95% limits of agreement. 
Table 3. Correlation coefficient and difference of means analysis 
for degree of stenosis measured by duplex ultrasound and DSA 
methods. 
Agreement levels 
Correlation 
DSA analysis coefficients (r) and Upper Lower 
method significance lev l Bias limits limits 
Subjective 0.80 (p<0.01) -4.0 +33 -41 
NASCET 0.76 (p<0.01) -12.1 +28 -52 
CSI 0.72 (p<0.01) ~.3 +39 -27 
observer variability for measurement of vessel dimen- 
sions on IA-DSA images, is significant and propor- 
tional to the relative vessel dimension. Interestingly, 
when these vessel dimensions were used for calcula- 
tion of cursor-assisted stenosis estimates, they showed 
variability similar to or worse than the eyeballed 
evaluation. This may be, in part, because these non- 
selective IA-DSA films can be of imperfect qualitN 
particularly when calcification is present, and this can 
be taken into consideration, during the subjective, 
eyeballed evaluation. Previous reports have quoted 
higher levels of reproducibility2°'21but, the statistical 
analyses presented here revealed that good correlation 
for stenosis measurements was not coupled with a 
high coefficient of repeatability for DSA or duplex 
methods. 
The ECST criterion was not used in this study to 
avoid incorporating subjective measurements into this 
part of the analysis. The CSI method provided an 
alternative to the ECST method of stenosis estimation 
but produced values which were 20% greater than 
NASCET estimates. The smaller stenosis value pro- 
duced by NASCET criteria has been reported before 
and has been the source of considerable debate. 5"22 
Our results showed that the CSI method produced a
smaller inter-observer variability which was probably 
related to the fact that the CCA was the reference 
artery and this vessel segment produced the least 
disagreement between observers. Rothwell et al. 23 
reported similar findings for reproducibility when 
comparing these three angiographic methods. It is 
clear that the NASCET and CSI methods cannot be 
used interchangeably as they are not measuring the 
same dimension. Until the NASCET trial confirms that 
the 50-69% group of patients are also candidates for 
surgery, the choice of DSA measurement technique 
will influence the selection of patients for surgery. 
The lack of detailed haemodynamic information 
available from DSA, its invasive nature and the lack of 
agreement on measurement technique have resulted 
in increased interest in duplex assessment of carotid 
disease. The duplex results from our institution 
showed good correlation with both eyeballed and 
width measurement methods of DSA stenosis estima- 
tion and agreement levels that were similar to those 
for DSA method comparisons. The smaller limits of 
agreement demonstrated for the CSI method, suggest 
that this technique may more closely follow the 
duplex haemodynamic parameters for assessment of
stenosis. This may be due to the fact that these two 
methods are based on the relationship of the ICA and 
CCA diameter and velocities respectively. 
However, as we are dealing with an imperfect "gold 
standard '5 for evaluation of vessel dimensions, we 
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would not expect a perfect correlation with the 
haemodynamic data provided by duplex ultrasound. 
Nevertheless, the level of correlation between IA-DSA 
is consistent with the findings of other centres where 
there is considerable Doppler ultrasound expertise. 6'13 
Whilst it is clear that a standardised ultrasound 
classification scheme is central to any duplex assess- 
ment, in practice a competent vascular ultrasonologist 
will make use of all diagnostic information that can be 
obtained at the time of patient scanning. Ringlestein ~4 
emphasised that a dogmatic approach to ultrasound 
would result in poor correlation with DSA which has 
been observed in recent trials. In any event there 
remains a need to fully document and standardise 
duplex protocols in order to achieve consistent high 
figures of reproducibility. 
This study shows that the inter-observer variability 
for assessing non-selective arch angiograms, whether 
the DSA images are read by a vascular surgeon, 
neuroradiologist or neurologist is relatively poor and 
is not improved even when vessel widths are esti- 
mated with the aid of cursors on a workstation 
monitor. These results should not be extrapolated to 
IA-DSA with selective injection where better results 
may be achieved. 2°'21 The difficulty of determining the 
percentage stenosis is pertinent o the current clinical 
practice of intervening only above a threshold of 70%. 
The inter-observer variability demonstrated for DSA 
methods will limit the amount of agreement possible 
with other methods of stenosis estimation, and is even 
more problematic to evaluate when new methods 
such as duplex ultrasound themselves have a high 
recognised inter-observer variability, l°m 
In our hospital we are moving towards a policy of 
using duplex ultrasound as the main investigation 
modality prior to surgery. Magnetic resonance angiog- 
raphy may provide supplementary information in 
some cases. Selective IA-DSA will be reserved for 
cases where key questions remain unresolved by the 
non-invasive modalities. 
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